Abstract. Radio frequency (RF) rectification of the plasma sheath is being actively studied on C-Mod as a likely mechanism that leads to prohibitively high molybdenum levels in the plasma core of ion cyclotron RF (ICRF) heated discharges. We installed emissive, ion sensitive, Langmuir, and 3-D B-dot probes to quantify the plasma potentials ( P ) in ICRF and lower hybrid (LH) heated discharges. Two probe sets were mounted on fixed limiter surfaces and one set of probes was mounted on a reciprocating (along the major radius) probe. Initial results showed that RF rectification is strongly dependent on the local plasma density and not on the local RF fields. The RF sheaths had a threshold-like appearance at the local density of ~10 16 m -3 . Radial probe scans revealed that the RF sheaths peaked in the vicinity of the ICRF limiter surface, agreeing with a recent theory [1]. The highest  P 's were observed on magnetic field lines directly mapped to the active ICRF antenna. Measurements in LH heated plasmas showed a strong  P dependence on the parallel index of refraction n // of the launched LH waves:  P is greater at lower n // . Little dependence was observed on the local plasma density.
INTRODUCTION AND THEORETICAL BACKGROUND
Understanding interactions between magnetically confined plasma and electromagnetic (EM) waves is crucial to successful operation of a tokamak. Two examples of EM waves we are particularly interested in are: 1) the ion cyclotron resonance heating (ICRH) waves at 50-80 MHz and 2) lower hybrid (LH) waves at 4.6 GHz. The ICRH waves are used to heat tokamak plasmas to fusion relevant temperatures of 10-20 keV and the LH waves are used primarily for non-inductive current drive.
Modern day tokamaks are run primarily in a divertor configuration: the diverted shape allows to exhaust several MW of power from the plasma core without melting the plasma facing components (PFCs). The layer of the tokamak plasma that forms between the core and the PFCs and is defined by open magnetic field lines is called the scrape-off layer (SOL) plasma. Both the ICRH antennas and the LH launchers are placed in the far SOL region to avoid severe melting of their components. However, the locations where we want the launched waves to be absorbed are in the plasma core for both the ICRH and the LH waves. Therefore, we need to understand the interaction between EM waves and the SOL plasma for optimal heating and current drive efficiency.
Since the electrons in the plasma are far more mobile than the ions, a PFC collects more electrons over a single EM oscillation. In order to preserve the ambipolarity condition at the surface, a negative electrostatic potential develops to repel the extra electrons [2] . This negative rectified DC potential provides additional acceleration to the plasma ions and enhances ion sputtering of the PFCs.
The LH waves interact with the SOL either indirectly through generation of fast electrons or directly by collisional damping. Fast electrons are capable of enhancing the plasma potential even when a small population of fast electrons is present in the plasma [3] . Collisional damping enhances the plasma potential by increasing the temperature of the thermal electrons in the plasma.
EXPERIMENTAL APPARATUS AND PROCEDURE
Experiments were performed on Alcator C-Mod tokamak: a toroidal field of ~5.4 T, a minor radius of ~0.22 m, and a major radius of ~0.67 m [4] . Alcator C-Mod relies on up to 6 MW of ICRH power (waves launched at 50, 78, 80, and 80.5 MHz) for plasma heating [5] and up to ~1.2 MW of LH power at 4.6 GHz for non-inductive current drive [6] . The presence of ICRH waves was detected with 3-D b-dot probes, mounted on a fixed position on the "A-B" limiter: R Limiter = 0.910 m, R b-dot ~ 0.915 m. The presence of fast electrons was characterized with a 32-chord hard X-ray (HXR) camera [7] .  P in the SOL was measured with a hot emissive probe [8] and an ion sensitive probe (ISP) [9, 10] mounted on a reciprocating probe, the Surface Science Station or S 3 (R S 3 ~ 0.910 m) [11] . The ion saturation current (I sat ) on the collector of the ISP was calibrated against a Langmuir probe to provide an estimate of the plasma density n e . The electron temperature T e was measured in LH plasmas only using Langmuir probes mounted on the LH launcher (R LH Launcher ~ 0.915 m).
EXPERIMENTAL RESULTS AND DISCUSSION
It is theoretically expected that a PFC in an ICRH discharge will develop a DC potential in response to a slow ICRH wave [1] . The 3-D b-dot probes showed that the dominant local RF wave component is in the toroidal direction, meaning that the dominant RF waves are the fast ICRH waves. This result remained true even for plasma discharges where the active ICRH antenna was magnetically mapped to the bdot probes. We also noted that there was no correlation between the strength of the bdot signals and the measured plasma potential  P . However, this result does not discount the possibility that the measured rectified  P correlates with the intensity of the slow ICRH waves. A theory that accounts for both the slow and fast waves is needed to explain our measurements.
Another theoretically expected result about the rectification of the plasma potential by slow ICRH waves is a threshold-like behavior of  P above a certain local plasma density value [1] . We performed a core density scan (n e SOL ~ n e core 2 ) to determine the value of the threshold density, see Figure 1 (a) and (b). The active ICRH antenna was magnetically mapped to our probes. From Figure 1 (a) , we see that the plasma density threshold for the appearance of  P rectification in Alcator C-Mod is ~1x10 16 m -3 . The corresponding value of  o is ~2, comparable to the expected value of 1 [1] . A radial (along R) scan of the plasma potential with the S 3 revealed that  P peaks near the antenna limiter (R ICRH Limiter = 0.915 m) at constant ICRH power. This result is expected: the plasma density rapidly drops for R > R ICRH Limiter and n e is quickly reduced below the threshold value. On the other hand, the slow ICRH wave intensity drops exponentially for R < R ICRH Limiter as the distance from the antenna increases. A combination of these two effects makes the rectified  P peak in the vicinity of the antenna limiter at constant ICRH power.
The plasma potential can also be enhanced by LH waves through either generation of fast electrons [3] or collisional damping. A scan of the launched n // and the corresponding  P is shown in Figure 2 : the LH wave absorption varies between single-path at higher n // and multi-path at lower n // . A comparison of  P with the T e measurements at the LH launcher (Figure 2 (b) ) shows that the plasma potential variations are consistent with the thermal electron temperature changes. On the other hand, the HXR measurements of the presence of fast electrons in the core show no correlation with  P in the SOL. This result is consistent with the low diffusion coefficient for fast electrons from the core to the SOL [12] . It appears that the enhancement of  P at lower n // is due to heating of thermal electrons by collisional damping of the LH waves, however, the effect of fast electrons generated locally in the SOL cannot be discarded [13, 14] .
CONCLUSION
To summarize, we investigated the effects of ICRH and LH waves on the plasma potential in the SOL of Alcator C-Mod.  P rectification in ICRH heated discharges is consistent with slow ICRH waves propagating along open magnetic field lines and striking material surfaces, although the majority of the detected RF waves are fast ICRH waves. The rectification has a density threshold of ~1x10 16 m -3 in Alcator CMod and peaks radially near the ICRH antenna limiter. LH waves also enhance the plasma potential in the SOL of Alcator C-Mod. The enhancement is consistent with collisional damping and is the strongest at low n // . The fast electrons generated in the plasma core have little to no effect on  P .
